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[Title of Invention] 

A method of removing organic chlorine compounds 
[Abstract] 
[Problem] 

From polluted sites such as soil, ground water etc. 
polluted with organic chlorine-type pollutants such as 
trichloroethylene, dichloroethylene etc., the pollutants are 
removed without secondary pollution. 
[Solving means] 

An ammonia-oxidizing bacterium is injected to a polluted 
site 10 such as soil or ground water polluted with organic 
chlorine-type pollutants such as trichloroethylene, 
dichloroethylene etc., thus bringing the ammonia-oxidizing 
bacterium into contact with the pollutants. The pollutants 
are thereby oxidatively decomposed. During the process, 
ammonia i.e. a substrate for multiplication of the 
ammonia-oxidizing bacterium is allowed to be coexist so that 
the oxidative decomposition of the pollutants can be promoted. 
[Claims ] 

1. A method of removing organic chlorine compounds, which 
comprises injecting an ammonia-oxidizing bacterium to a 
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polluted site such as soil or ground water polluted with organic 
chlorine-type pollutants such as trichloroethylene, 
dichloroethylene etc. and bringing the ammonia-oxidizing 
bacterium into contact with the pollutants. 

2. A method of removing organic chlorine compounds, which 
comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc. 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants. 

3 . The method of removing organic chlorine compounds according 
to claim 1 or 2 , wherein the air is supplied to the polluted 
site when the concentration of dissolved oxygen in the polluted 
site is not more than 3 mg/L. 

4. A method of removing organic chlorine compounds, which 
comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc., 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants in an aerobic atmosphere, 

then stopping the injection of the ammonia-oxidizing 
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bacterium and the aqueous ammonium solution while injecting 
a nutrition source for a denitrifying bacterium to the polluted 
site, and bringing ammonia-oxidized products formed by the 
ammonia-oxidizing bacterium into contact with a denitrifying 
bacterium in an anaerobic atmosphere. 

5. The method of removing organic chlorine compounds according 
to claim 4, wherein the denitrifying bacterium is a 
denitrifying bacterium indigenous to the polluted site and/or 
a denitrifying bacterium injected to the polluted site. 

6. A method of removing organic chlorine compounds, which 
comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc. 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants in a slightly aerobic atmosphere of not more 
than 1.5 mg/L dissolved oxygen. 

7. A method of removing organic chlorine compounds, which 
comprises injecting at least one of an ammonia-oxidizing 
bacterium, an aqueous solution of ammonia as a substrate for 
multiplication of the ammonia-oxidizing bacterium, trivalent 
or divalent iron ions and an iron-oxidizing bacterium to a 
polluted site such as soil or ground water polluted with organic 
chlorine-type pollutants such as trichloroethylene, 
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dichloroethylene etc. and bringing at least one of the 
ammonia-oxidizing bacterium, the injected trivalent iron ions , 
and the trivalent iron ions formed by oxidization with the 
iron-oxidizing bacterium into contact with the pollutants in 
a slightly aerobic atmosphere of not more than 1.5 mg/L 
dissolved oxygen. 

[Detailed Description of the Invention] 

The invention relates to a method of removing organic 
chlorine compounds and in particular to a method of removing 
organic chlorine compounds which comprises removing 
pollutants from polluted sites such as soil, ground water etc. 
polluted with pollutants such as trichloroethylene and 
dichloroethylene . 
[Prior Art] 

Heretofore, methane-oxidizing bacteria, phenol- 
oxidizing bacteria, or toluene-oxidizing bacteria have been 
examined to remove pollutants from the soil or ground water 
polluted with pollutants such as trichloroethylene and 
dichloroethylene by use of the decomposing activity of the 
bacteria. 

For permitting the decomposing bacteria to express their 
decomposition activity for oxidatively decomposing the 
pollutants, it is necessary that gas or liquid containing 
methane or phenol, a nitrogen source, a phosphorus source and 
oxygen is injected to the soil in a polluted site, whereby the 
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decomposing bacteria artificially injected, or the 
decomposing bacteria indigenous to the soil or ground water 
in the polluted site, are multiplied to induce their 
decomposing enzyme. 

[Problem to Be Solved by the Invention] 

In the case of the methane-oxidizing bacteria, however, 
there is the problem that blowing of methane i.e. a combustible 
gas into the ground is dangerous, while the methane leaked into 
the atmosphere is one cause for global warming. On the other 
hand, in the case of the phenol-oxidizing bacteria or 
toluene-oxidizing bacteria, there is the problem that because 
phenol or toluene is injected into the ground, standard levels 
for drinking water cannot be satisfied owing to their presence 
even in a trace amount . 

The invention was made in view of the foregoing, and the 
object of the invention is to provide a method of removing 
organic chlorine compounds which comprises removing 
pollutants from polluted sites such as soil, ground water etc. 
polluted with organic chlorine-type pollutants such as 
trichloroethylene and dichloroethylene . 
[Means to Solve the Problem] 

To solve the object described above, the invention 
comprises injecting an ammonia-oxidizing bacterium to a 
polluted site such as soil or ground water polluted with organic 
chlorine-type pollutants such as trichloroethylene, 
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dichloroethylene etc. and bringing the ammonia-oxidizing 

bacterium into contact with the pollutants. 

To solve the object described above, the invention 
comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc. 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants. 

To solve the object described above, the invention 
comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc., 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants in an aerobic atmosphere, then stopping the 
injection of the ammonia-oxidizing bacterium and the aqueous 
ammonium solution while injecting a nutrition source for a 
denitrifying bacterium to the polluted site, and bringing 
ammonia-oxidized products formed by the ammonia-oxidizing 
bacterium into contact with the denitrifying bacterium in an 
anaerobic atmosphere. 

To solve the object described above, the invention 



6 



comprises injecting an ammonia-oxidizing bacterium and an 
aqueous solution of ammonia as a substrate for multiplication 
of the ammonia-oxidizing bacterium to a polluted site such as 
soil or ground water polluted with organic chlorine-type 
pollutants such as trichloroethylene, dichloroethylene etc. 
and bringing the ammonia-oxidizing bacterium into contact with 
the pollutants in a slightly aerobic atmosphere of not more 
than 1.5 mg/L dissolved oxygen. 

To solve the object described above, the invention 
comprises injecting at least one of an ammonia-oxidizing 
bacterium, an aqueous solution of ammonia as a substrate for 
multiplication of the ammonia-oxidizing bacterium, trivalent 
or divalent iron ions and an iron-oxidizing bacterium to a 
polluted site such as soil or ground water polluted with organic 
chlorine-type pollutants such as trichloroethylene, 
dichloroethylene etc. and bringing at least one of the 
ammonia-oxidizing bacterium, the injected trivalent iron ions, 
and the trivalent iron ions formed by oxidization with the 
iron-oxidizing bacterium into contact with the pollutants in 
a slightly aerobic atmosphere of not more than 1.5 mg/L 
dissolved oxygen. 

The inventors directed their attention to the fact that 
the oxidizing enzyme (ammonia monoxidase) of the ammonia- 
oxidizing bacteria is an enzyme having relatively low substrate 
specificity and thus having the property of oxidatively 
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decomposing organic chlorine compounds such as 
trichloroethylene and dichloroethylene, and thus this enzyme 
was adopted to remove pollutants in polluted sites such as soil 
or ground water polluted with pollutants. 

According to the invention in claim 1, an ammonia- 
oxidizing bacterium is injected to a polluted site such as soil 
or ground water polluted with organic chlorine-type pollutants 
such as trichloroethylene, dichloroethylene etc. and the 
ammonia-oxidizing bacterium is brought into contact with the 
pollutants. The ammonia-oxidizing bacterium thereby 
oxidatively decomposes the pollutants . The ammonia-oxidizing 
bacterium oxidatively decomposes the pollutants even in the 
absence of a growth substrate, but according to the invention 
in claim 2, the ammonia-oxidizing bacterium and an aqueous 
solution of ammonia as the growth substrate are injected to 
a polluted site, and the ammonia-oxidizing bacterium is brought 
into contact with the pollutants, whereby the rate of 
decomposition can be significantly increased. 

According to the invention in claim 4, the pollutants 
are oxidatively decomposed by the ammonia-oxidizing bacterium, 
and then the injection of the ammonia-oxidizing bacterium and 
the aqueous ammonium solution is stopped while a nutrition 
source for a denitrifying bacterium is injected to the polluted 
site, and ammonia-oxidized products formed by the ammonia- 
oxidizing bacterium are brought into contact with a 
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denitrifying bacterium in an anaerobic atmosphere. 
Nitrite-form nitrogen and nitrate-form nitrogen as the 
oxidized products formed by injection of the aqueous solution 
of ammonia as a substrate for multiplication of the 
ammonia-oxidizing bacterium are thereby anaerobically 
denitrified and removed by the denitrifying bacterium. 

According to the invention in claim 6, the ammonia- 
oxidizing bacterium is brought into contact with the pollutants 
under slightly aerobic conditions of not more than 1.5 mg/L 
dissolved oxygen in the polluted site in oxidatively 
decomposing the pollutants by the ammonia-oxidizing bacterium, 
so that the oxidized products of the injected ammonia are 
removed from the polluted site as a nitrogen gas or a nitrous 
oxide gas without forming nitrite-form nitrogen and 
nitrate-form nitrogen. 

According to the invention in claim 7, at least one of 
an ammonia-oxidizing bacterium, an aqueous ammonia solution, 
trivalent or divalent iron ions and an iron-oxidizing bacterium 
is injected to a polluted site, and at least one of the 
ammonia-oxidizing bacterium, the injected trivalent iron ions 
and the trivalent iron ions formed by oxidization with the 
iron-oxidizing bacterium is brought into contact with the 
pollutants under slightly aerobic conditions of not more than 
1.5 mg/L dissolved oxygen, so that the oxidized products of 
the injected ammonia are removed from the polluted site as a 
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nitrogen gas or a nitrous oxide gas without forming 
nitrite-form nitrogen and nitrate-form nitrogen, and 
simultaneously hydroxylamine formed as an oxidized product of 
ammonia under the slightly aerobic conditions is aerobically 
denitrified and removed by the trivalent iron ions. 
[Mode for Carrying Out the Invention] 

A preferable mode for carrying out the method of removing 
organic chlorine compounds according to the invention is 
described in detail by reference to the drawings . Fig. 1 shows 
one example of removing pollutants from a polluted site 
polluted with trichloroethylene (abbreviated hereinafter into 
TCE) by use of those facilities for removal to which the method 
of removing organic chlorine compounds according to the 
invention was applied. 

As shown in Fig. 1, a pipe is installed in the soil and 
ground water in a polluted site 10 polluted with TCE, to form 
an injecting well 14 in the ground in the polluted site 10 
located upstream of a ground-water vein 12 . Then, a suspension 
of ammonia-oxidizing bacteria cultured in a ammonia-oxidizing 
bacterium-culturing bath 16 installed on the ground is supplied 
via an injecting tube 18 to the injecting well 14. The 
suspension of the ammonia-oxidizing bacteria thus supplied is 
injected to the polluted site 10 by an injecting pump 2 0 
arranged in a connecting part between the injecting tube 18 
and the injecting well 14. The amount of the suspension of 
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ammonia-oxidizing bacteria injected is regulated by the 
injection-regulating valve 22. The culture bath 16 makes use 
of the so-called membrane separation-type continuous culture 
reactor for separating the bacteria from the culture medium 
by an UF membrane, and the concentration of ammonia and the 
concentration of nitrite in the microbial suspension are 
regulated by the reactor. 

The injecting tube 18 is connected via an adding pipe 
24 to an ammonia-storing bath 2 6 and a methanol-storing bath 
28. The outlets of the ammonia-storing bath 26 and 
methanol-storing bath 28 are provided with addition- 
regulating valves 3 0 and 32 respectively. Through these 
valves, an aqueous solution of ammonia as the substrate for 
multiplication of ammonia-oxidizing bacteria is supplied from 
the ammonia-storing bath 26 to the polluted site 10 while the 
organic matter such as methanol which is a nutrition source 
(electron donor) for denitrifying bacteria described blow is 
supplied from the methanol-storing bath 28 to the polluted site 
10. 

Compressor 36 is connected via an air pipe 34 to the 
injecting well 14, and when an aerobic atmosphere is necessary 
in the polluted site 10, the air is supplied via the injecting 
well 14 to the polluted site 10. On the other hand, the polluted 
site 10 located downstream of the ground-water vein 12 is 
provided with a suction well 38 . A suction pump 40 is installed 
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on the ground above the suction well 38, while the suction well 
38 is provided inside with a DO (dissolved oxygen) sensor not 
shown, and the DO sensor is connected to a DO monitor 42. By 
this constitution, the concentration of dissolved oxygen in 
ground water in the soil, drawn and raised via the suction well 
38 from the polluted site 10, is detected and the aerobic 
conditions or anaerobic conditions in the polluted site 10 are 
monitored. The ground water drawn and raised via the suction 
well 38 is returned again to the polluted site 10 via a 
connecting tube 44 for connecting the suction well 38 to the 
injecting well 14. 

A monitoring well 46 having a suction pump 45 is installed 
in the ground-water vein 12 located downstream from the 
polluted site 10, to monitor whether or not TCE is leaked from 
the polluted site 10 to the ground-water vein 12 . Hereinafter, 
the invented method of removing organic chlorine compounds by 
use of the facilities thus constituted for removing organic 
chlorine compounds is described. 

A suspension of ammonia-oxidizing bacteria and an 
aqueous solution of ammonia as the substrate for multiplication 
of the ammonia-oxidizing bacteria are injected via the 
injecting well 14 into the polluted site 10. Simultaneously 
with this injection, ground water in the polluted site 10 is 
drawn through the suction well 38 in order to monitor the 
concentration of dissolved oxygen in the polluted site 10. If 
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the monitored concentration of dissolved oxygen is not more 
than 3 mg/1, the air is blown by the compressor 3 6 into the 
aqueous ammonia solution flowing through the injecting well 
14. The ammonia-oxidizing bacteria are thereby brought into 
contact with TCE under atmospheric conditions suitable for 
oxidative decomposition of TCE , thus efficiently decomposing 
TCE oxidatively. 

Line A in Fig. 2 shows the examination result of the 
efficiency of decomposition of TCE by the ammonia-oxidizing 
bacteria in the presence or absence of ammonia. The initial 
TCE concentration in the aqueous solution was 0.37 mg/1. First, 
the ammonia-oxidizing bacteria were brought into contact with 
TCE in the absence of ammonia, and 200 minutes later, 140 mg/L 
ammonium sulfate (NH 4 ) 2 S0 4 was added as an ammonia source. As 
can be seen from line A in Fig. 2, the ammonia-oxidizing 
bacteria could oxidatively decompose the pollutants in the 
absence of ammonia, but once ammonia as the growth substrate 
was added, the concentration of TCE was significantly reduced. 
Accordingly, the rate of decomposition of TCE can be 
significantly increased by injecting both the ammonia- 
oxidizing bacteria and ammonia to the polluted site. For 
example, when the polluted site has been polluted with TCE at 
the average concentration of 3 mg/L, the concentration of TCE 
can be reduced by the above operation to the intended 
concentration of not more than 0.03 mg/L. 
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When ammonia is injected to the polluted site for 
increasing the rate of decomposition of TCE , ammonia-oxidized 
products such as nitrite-form nitrogen (N0 2 -N), nitrate-form 
nitrogen (N0 3 -N), hydroxylamine (NH 2 OH) and nitrous oxide (N 2 0) 
are formed. The amounts of these formed oxidized products are 
varied depending on the concentration of dissolved oxygen 
during their formation, and in an aerobic atmosphere, 
nitrite-form nitrogen and nitrate-form nitrogen are mainly 
formed. On the other hand, hydroxylamine and nitrous oxide 
are mainly formed in a slightly aerobic atmosphere at a 
concentration of not more than 1.5 mg/L dissolved oxygen. 

Line B in Fig. 2 shows nitrite-form nitrogen formed by 
the ammonia-oxidizing bacteria upon injection of ammonia. As 
can be seen from Fig. 2, nitrite-form nitrogen is formed upon 
addition of ammonium sulfate as the ammonia source. From these 
results, the inventors propose two methods in which the 
pollutants can be oxidatively decomposed while their 
decomposed products do not remain in the polluted site. in 
the first method, a suspension of ammonia-oxidizing bacteria 
and an aqueous ammonia solution are injected to a polluted site 
to decompose TCE , and then the injection of the suspension of 
ammonia-oxidizing bacteria and the aqueous ammonia solution 
is stopped, while if the air is supplied by the compressor, 
the supply of the air is stopped. By this procedure, the 
ammonia-oxidizing bacteria injected to the polluted site begin 
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to perish. Further, the enzyme in the ammonia-oxidizing 
bacteria is inhibited upon oxidative decomposition of tce 
during which some bacteria perish. Then, the oxidized 
products i.e. nitrite-form nitrogen and nitrate-form nitrogen 
are denitrified and converted into a nitrogen gas by the 
function of denitrifying bacteria utilizing the dead bacteria, 
or methanol injected to the polluted site, or the organic matter 
such as sulfur element etc. as nutrition sources (electron 
donors). That is, in an anaerobic (i.e. oxygen-deficient) 
atmosphere, the denitrifying bacteria initiate respiration 
utilizing nitrite-form nitrogen or nitrate-form nitrogen 
thereby denitrifying nitrite-form nitrogen and nitrate-form 
nitrogen into nitrogen gas . If the concentration of dissolved 
oxygen in ground water drawn through the suction well 3 8 is 
not reduced to 0 . 5 mg/L or less, methanol and a sulfur element 
may be added because in such a case the organic matter derived 
from the bacteria is considered deficient relative to oxygen 
remaining in the polluted site. The denitrifying bacteria may 
be either denitrifying bacteria indigenous to the polluted site 
or denitrifying bacteria injected via the injecting well 14. 

TCE can thereby be removed from the polluted site without 
causing secondary pollution. The second method is a method 
wherein ammonia-oxidizing bacteria are brought into contact 
with TCE in a slightly aerobic atmosphere with dissolved oxygen 
at a concentration of not more than 1.5 mg/L, preferably not 
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more than 0.5 mg/L in the polluted site. Here, the slightly 
aerobic atmosphere refers to the atmosphere where oxygen is 
present at a concentration of not more than 1 . 5 mg/L, preferably 
not more than 0.5 mg/L in the polluted site 10. 

According to the second method, the ammonia-oxidizing 
bacteria are brought into contact with TCE in the presence of 
ammonia as the growth substrate in the slightly aerobic 
atmosphere, whereby TCE is oxidatively decomposed. On the 
other hand, ammonia is oxidized into nitrous oxide or nitrogen 
monoxide and released in the form of gas from the polluted site 
to the atmosphere. in this process, if at least one of 
trivalent or divalent iron ions and an iron-oxidizing bacterium 
is injected to the polluted site 10, hydroxylamine formed by 
oxidation of ammonia is converted into a nitrogen gas by aerobic 
denitrification with trivalent iron ions. The hydroxylamine 
is thereby released as a nitrogen gas from the polluted site 
to the atmosphere, in the second method, the concentration 
of TCE can also be reduced to the intended concentration of 
not more than 0.03 mg/L when the polluted site has been polluted 
with TCE at the average concentration of 3 mg/L. 

Which the first or second method is to be used is 
determined as follows: If the initial concentration of 
dissolved oxygen in the polluted site 10 is not more than 1.5 
mg/L, it is preferable to use the second method in which the 
concentration of dissolved oxygen in the polluted site can be 
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utilized. On the other hand, if the concentration of dissolved 
oxygen in the polluted site 10 is in the range of 1.5 to 3 mg/L, 
it is preferable to use the first method because it is easier 
to increase the concentration of dissolved oxygen in the 
polluted site 10. 

In the embodiments of the invention described above, the 
polluted site has been polluted with TCE, but the invention 
can also be applied to pollution with any other organic chlorine 
compounds such as dichloroethylene etc. 
[Effect of the Invention] 

According to the present method of removing organic 
chlorine compounds, an ammonia-oxidizing bacterium is 
injected to a polluted site such as soil or ground water 
polluted with organic chlorine-type pollutants such as 
trichloroethylene, dichloroethylene etc., thus bringing the 
ammonia-oxidizing bacterium into contact with the pollutants 
so that the pollutants can be oxidatively decomposed as 
described above. 

in this oxidative decomposition, an aqueous ammonia 
solution as a growth substrate, along with the ammonia- 
oxidizing bacterium, can be injected to the polluted site to 
promote the oxidative decomposition of the pollutants. 
Further, the formed ammonia-oxidized products such as 
nitrite-form nitrogen etc. can also be removed by injecting 
the aqueous ammonia solution, so that the polluted site does 
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not undergo secondary pollution. Further, because use of a 
combustible gas or toxin such as in the conventional methods 
is not necessary, it is not necessary to worry about safety 
or hygiene. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 shows removal of pollutants from the 
soil by means of those facilities to which the method of 
removing organic chlorine compounds according to the invention 
was applied. 

[Fig. 2] Fig. 2 shows the efficiency of decomposition 
of TCE by the ammonia-oxidizing bacterium in the presence or 
absence of ammonia, as well as the amount of nitrite-form 
nitrogen formed. 
[Description of the Symbols] 
10 ••• polluted site 
12 ground-water vein 
14 ••• injecting well 
16 culture bath 

18 injecting tube 

26 ••• ammonia-storing bath 

28 ••• methanol-storing bath 

36 compressor 

38 suction well 

42 DO monitor 
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Fig. 1 
Fig. 2 

In the absence of NH 4 
TEC concentration 
N0 2 -N concentration 
Time (min.) 



In the presence of NH„ 
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^8W>2 WMSSJIiicD^M £ ftA U 7 >t = 7Sfrft»J 
H§^ J: U ti/c7 7-SKk*fefiSEfaii:flJ^j!lO@at 



^ VM} f-\ 0- 1 8 0 2 3 7 
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•j . 7 y^-7mmm^m.mi-Qh^7y^i-7>^ 

[0 0 14] |H^6CD^I!1J(- ±*U£ 7y=t-7m.(t 

t-.(DX\ &KLtz7>*-7<r>mvtim\zmifm& 

[0 0 15] ii!*J®7 0%qg{-J:t«i ttmmz. 7 

y^=-7mitmm. 7>^^77i<« 3fiiiicDife-f^> 

ti*»feaAL, r?-^M^7>^^7is{[:Hlra. ?:l£AL 

1 . 5m g /i ^TommifmrnTz-mm $ -tt§ j; e. 
l/ccdt-, ?±AL/i7 y^-7<Dmit^imimmm 

^mmnrx'<D7 y^-7<^m^rmt ut^$ 

[0 0 16] 

[00 17] 01CitJ:5i:, TCETT^fcSftfcJ: 
Ja&t«l!JT*«^?feSlJffl 1 O^ UTIOiTtKMI 2©± 

jjSfw^ffia-ts^BPffi 1 0 (^iii±*^/v y^fc^t 

T?iAWf p 1 4 £ffMT5 0 -fLT, il!>±[^,l L/r 
7 > ; e-7|g?{bKHBI^iS^' 1 6 T-^fH L/=7 >=t -7 

wmmmwt. mm 1 8 fe/M,T?±A/ujiv^ 1 4 
mzzntz7 y*-7m\M\mmmmz. 

ffiAWl 8i:?iAfflilv5l 4cofg,WrfiS(tf,n/cftA 
<0 tK > 7' 2 0 K J: U y^^fu l o lift A^ n§ . 7 - 

7i^fkniiK^cD7iAS(i. n.Kuy;m.^^y'2 21: 
7 ^ ^ - t/i] 1 \ :w:iu ^«?f«' |ico7>^- 

[0018] ftA^ 1 8 ^jmseff 2 4 !C ± U 7 > 
^-7flfSM2 6 StT^ ^ y -;nr?S?m- 2 8 Kg&KSti 
5 a 7 y=E-7ffiaffl 26&Xf*2J -)Vmm 2 8 CD 
SftfiPtrii. ^nWfs/jDp^^ys 0, 3 2*\1k L (i 

? f>ns s ^ntciu. 7>*-7M%m2 6frbi*7> 



ifeSPti i o cjsi&sn. ^ y -;w?ffliff 2 8 

[0 0 19] iiAJfJjtP 1 4il(i, X7&W3 4 £/TL 

t3>7'i/'^3 6 * We sn. rsifcfipfi i o ! i mm 

3 8 ns, ©§I/Wp 3 8cDi[lJ±{£gU«± 

m^L^^Do og^nm) ^y^mmzti. Dot 

mil 0frbW.5\m#F>3 8S:^LTiKt>±(fP>n/t± 

iS^cDiyir^^^l^m'ii^ti. r^Mi o 

3 8 i:?±A/n#F 1 4 fe|f<-3iM^ : 4 4 *frL-C|fft/^- 
[0 0 2 0] S« 1 0 K*fLTT8SEffl!lKffiB 

u y-ymxp 4 6 tce av^gpfu 1 0 

[0 0 2 1] 7>^7$tfblffliMi8^7> ; E-7i? 
fltffflil0)JS«|gHT-a 5 7 - 77j<?§M * &. Xm PtP 

MfTUTi»g|ffl#p 3 8**t>?5$feffl$ft 1 0 £>il!iT7j<*% 

^SftS. ^E— ^ U >^'$tl/c)##iK»5^3 mg/ 
1 UTCDmSlz f i, 3 > 7 1/ y -y- 3 6 f, xj^ftAi 
ftF 1 4^&&ft57>^-77jq#^i(^£iA£n 

W^^^ll^ftTfCfcVNTTCEtlgfillb, TC 

[0 0 2 2] EI2C0^A(±. 7> ; e-7CDWto(cfc^§ 

7 > ; E-7iK{bUiliScr)T c E WWh& £ M^tz'^xh 

6„ TC EXmffiOWWm. fc 0 . 3 7 m g/ 1 £ L 
fc. ©fij. 7>^-7^W-ffiU&V^fgT*7> ; &-7lK 
Yfcftlffii: TCEi fe£tt£-t* 2 0 0 7 >^E 

—TMb.l/Xffa'iz (NIL ) 3 SO, ' £ 14 0rag/l 

fb*«iiMi(i7 >^7*% < t t nmrntrntwrnz 

: e-7^kHDii(r 7 >^ ^7 £4^-£tm^^2tc?± 
Al-Sd tf: J: U TC EcD^MM/^^^L < At < "TS 
3 i: **r-£ S„ {#I*J1 ^!£gpf£*^ LT 3mg/l 
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i'JTCEJMiEJISMT-MO. 0 3mg/!«f 
[0 0 2 3] £Z*>T\ TCE(DWm&ik2<-tZ 

(vmt±iimT'frztMmtm.m (no-, -n) . wm 

MMM (NO ,-N) , kKQ^7^> (NH: O 
H) . iffiffitfbgias (N: O) 

[0 0 2 4] H2cD^BIi, 7>=e-7<Dj£A^«k»J7 

xhz> xfatc. *k ma l tzsztifr b mBfflmwRbv&s. $ n 
-cv^s 0 :0:t*>f,, *%njj#m wm^mt 

-a> L^V^<foCD2ocD^£^-r6® lWiffli, 7> 
^-7^bH]l®W^. 7 >^ — T7Kf'^ ?^ifcg|5{i'Z{r 
ftAUTCE 7 >^-7BWfc»lia«a 

itti: 7>=E-7*»Sft©ifeA«:^±i-S nyy 

±-r«. -iniciu. ^3i5fi{^3£AU7 l c7> ; e-7?i 

Yb,*fflHfi^ML#f<£>S 0 7> ; E-7Slffcimg|{±T 

c EaimtftMtn itd&\zmki>mm*&\i. -mi* 
^(Dm^mfctz, tit, jEML/ciaf*. *v^j§ife 
spffi^a a \stz.**j -)v, 7zmmmm<Dftmfj * % 

i^^± f f ^ ntd&TAWffi&m&fflilt>* 0 . 5ing/ 

l x ffifc&%<D%mi * s *m. Lx^^zt^-Tibn&tz 
fo, * com iz -j^rcmmmt(Dm\mi 0 =t 9 

JK^aflBST-fc cfcv^U, a A/IJ l 4 £ /r LTttA L tz 

Wi^.mmxi^\ 

[0025] ZHlz^'), r-ftrm &r5zt&< 
ffltiLO) T C E & [!£irf 5 C t i) »*T- S S , 2 CO/i 
^fflSffi^'flFffjS^jafflf 1 . 5mg/l MT, jEt^W-* 

l < i± o . 5 m g / 1 vxmmmmm^xT c e 
x\ mffffizmnr tit. 1. smg/iwr. ait- 

$?*U<(io. 5mg/i ^Trojas-er^JfeSPCi 101: 
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[0026] m2cDj3mz£tu£. wmmvchZTy 
^z-Tcntf&vx'T y^-rmtmrnt tce> 
%V£W-m%T-um&-t h ztiz&v, tce & mitftm 
-tz, 7 >=e-7 limits nrMm^tMM^-m 
imm t u u xwtmrmimtiLb* h a^ imata, $ 

ft5. Mil. 3©n$(Z, 3m<D$MJr>Rl£2m<D%k^ 

nz, m2(DMH(Dm^izt. rmsnm^mbx 3 m 

M£T'*5 0 . 03mg/l J^T*T«T-5 d £ 

[0 0 2 7] -eoT, mi^r£^«ffl-t€.^m'2 0^ 

t£l. 5mg/l WT©JS^(K±, ^iftg|3fiC0^pg 

*#ijh-c* §■ s& 2 tofi&T-ff ozt 

®T'*§ 0 ftifcfflSfft 1 0 W)lR¥BBRjafl[*s 1 . 5 

~ 3 m g/ 1 £D|E[lc7)ii^lr(i ft-3feffl$& 1 0 (D^tm 

[0028] ^ *fmaro^iis©jgjs-c*fi. mtm&tf 
tce T'^jfesn/c^i-caaw ^ntcRR^^ns 

[0 0 2 9] 
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±Jaxi£ifcT*^cQft-*fcffifi [: 7 > - 7^bHHr*i 4 •/:)-: 

A L . y§?fe«3M i: 7 > =E -Tfoimffi £ *ki£M$it& =fc 

[0030] ccD^b«;fcv^T, jy^-rmm 
m t -m-mm&nv&z 7 > * - 7*5t;« & ?5-&bis{& 

7> ; E-7/K;mf«^^A-r^wi:(* = tU, 4-; 

is 2 iiiiiifmn^^^o 7 > ^ -7mit f ±.r>m t i^a 
-ts =t -5 tn Ltz<D~z\ m-i&mtLt -smim-th z ttu 

i§W3 1- s wm ±j«i 1 1*> f, Kii-r s ,m 

[E]2] g]2(i. 7> ; &-7©W!!li(-fc(t67> : E-7 
&flfflffiiz J;5TCE &£/'lii«%^<D^ 

1 2-flfeT*9R 
1 4-J£A/B#f 
1 6-lS«fflf 

1 8-?£AW 

2 e-T^-TJIfSfflf 

2 8--^^y-;nifgftf 

3 6--n>7V>y-y- 
3 8 - n/i.jlHJJI-.,,- 
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